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A DRIVE FOR A ROLLER SHUTTER WINDING TUBE 

Field of Invention 

The present invention relates to a drive device incorporating an electric mo- 
tor for actuating a roller shutter winding tube, for winding and unwinding roll-up 
members, such as roller-blinds, rolling shutters, sunblinds and the like. 
BACKGROUND OF THE INVENTION 

Control devices are known on the market for using an electric motor to drive 
the winding and unwinding of roll-up members. Control devices of this type are 
disclosed for example in DE 32 22 770, DE 36 36 855, FR - A- 2 775 729, US-A-5 847 
525, WO 00/49264. Additionally US-A-4 194 266 discloses the use of a planocentric 
gear assembly in an adjustable roller mechanism for a sliding closure having a case 
attachable to the sliding closure. 

The general structure of these known drive or control devices is illustrated in 
Figs. 1 and 2, and substantially comprises an electric motor M, a gear reduction 
unit R, an electromagnetic (eddy-current) brake unit E and a unit for adjusting the 
limit switch positions. These components of the control device, as clearly shown in 
the Figures, are mounted aligned inside of a single winding tube I from one end of 
which the drive shaft C of the reduction gear protrudes while the other end is rigidly 
fastened to a first external constraint Al, such as for example the masonry supporting 
the roller shutter box of a roller-blind. The tube T is therefore subjected to a torsion 
stress equal to the torque applied when raising the roller member and v is designed 
taking into account the maximum torque supplied by the motor M. 

The drive shaft C of the reduction gear, through a pulley to which it is keyed, 
transmits the rotary motion to a winding tube H on which the roller member is wound 
or from which it is unwound, with the tube being supported by a friction bearing Bl 
and by a rolling-contact bearing B2 secured to the tube T and to a second external 
constraint A2, respectively. On its outer ring the bearing Bl further supports an 
annular member or crown S for adjusting and centering the tube H inside the tube 
T. In the known devices the motor M is a single-phase asynchronous motor equipped 
with two windings, in order to obtain the rotation in both directions. When the 
motor M is fed, the drive shaft of the reduction gear rotates the pulley G. In turn, 
pulley G rotates tube H, thus allowing the winding or unwinding of a roller member 
having one end secured through conventional means to the outer side wall of tube H. 
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The eddy- current brake unit E is kept in an engagement position by the action 
of spring means, and is electromagnetically released when electrical power is supplied 
to the motor M thus allowing the rotation of the motor and the winding/unwinding 
of the roller member on/from the winding tube. 

The control device is completed by a limit switch unit F, usually consisting of 
one microswitch for each direction of rotation, receiving information about the angular 
position of the tube H through a thread rod system inside the limit switch unit, with 
such a system being mechanically controlled by the rotation of the annular member 
S. The adjustment of the limit switch is achieved by means of screws laterally located 
on the annular member S or by means of equivalent systems. This way, the limit 
switch positions of the roller shutter winding tube are established with a maximum 
accuracy larger than plus or minus 15 degrees of the rotation (angle) of the roller 
member. In other known systems of limit switch units there are provided electronic 
systems with an ON/OFF function and in case there is provided for a limitation of 
the power supplied with a very narrow correction range, in the order of about -30% 
of the maximum power. In such a case the positioning accuracy of the limit switch 
can be improved up to a value of about plus or minus 5 to 6 degrees of rotation of 
the tube H. 

These known control devices show nevertheless some drawbacks, among which 
a loud noise, a low efficiency of operation of the electric motor and a reduced useful 
life when no maintenance is carried out. Because of these drawbacks, the marketplace 
acceptance of the devices has been hindered. 

The noise is substantially due to the presence of a mechanical speed reduction 
gear, which is unavoidable for reducing the rotation speed of single-phase electric 
motors used for these applications, from their standard speed of about 2,000 rpm to 
the lower speed required to drive the roller shutter winding tube (10 - 25 rpm). In 
most cases these reduction gears comprise a planetary three-stage reduction gear units 
of the type illustrated in the Figs. 1 and 2. Due to the large number of small-size 
mechanical parts and/or parts rotating at a high speed, and partially because of an 
extreme cost-reduction policy (mainly affecting the quality of the materials and the 
machining tolerances), the reduction gears are source of loud noise and vibrations. 
Such noise and vibrations increase with the increase of the load applied and with the 
wear and tear of the device and are further strongly amplified because of their typical 
location inside of the roller shutter boxes for roller-blinds, generating a so- called 
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resonant, "sound box" effect. This is a source of difficulty, especially in domestic 
applications and when the shutters are moved in the evening and night. 

The (low) efficiency of the motor-reduction gear assembly is determined both 
by the type of the electric motor employed and by the presence of the reduction gear, 
and is in the order of 10-15 % of the drawn power. In addition to a large power 
consumption, this low efficiency causes motor overheating, thus severely limiting the 
time for which a device can be continuously operated to a maximum duration of 
4-5 minutes. Because of this limitation, there are negative consequences in some 
application fields such as for example the driving of large sunblinds or roller shutters 
that are wound on small diameter tubes. An increase of the maximum operation time 
of the motor would be particularly welcome to guarantee the possibility of carrying 
out an efficient "emergency" drive under the control of safety devices (for example 
in the so- called "wind safety" for sunblinds or more generally under the control 
of signals coming from photocells or similar devices), intervening after a number of 
consecutive drives that have already increased the motor temperature. 

Finally, in the known devices, the mechanical reduction gear is the main cause 
of a relatively short useful life. This short life is typical for a device operating with 
satisfactory performance and without maintenance, as it is the case in domestic ap- 
plications. 

The wear of the mechanical rotating parts in the reduction gear frequently in- 
duces the generation of loud noise, forcing the replacement of the device or a complete 
servicing operation after a short operating time. 

SUMMARY OF THE INVENTION 

It is therefore an object of the present invention to provide a drive device 
for roller shutter winding tubes that is free from the above drawbacks, and more 
particularly a device generating low noise after a long use, that provides for a better 
efficiency and therefore causing a low overheating and allowing longer continuous 
operation times and a maintenance-free, longer useful life. 

The above and other objects of the present invention are achieved through 
a control device for rotating a supporting tube of a roller member to be wound 
onto or unwound from said tube, said device comprising at least an electric motor 
housed in said supporting tube and drive means comprising a reduction gear unit 
for transmitting the rotation from said motor to said supporting tube, wherein said 
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electric motor comprises at least four poles. 

Said electric motor is a three-phase electric motor and said device incorporates 
an electronic unit for feeding in a controlled manner electric power to said motor. 
Said drive means comprises a single-stage mechanical reduction gear. Said single 
stage mechanical reduction gear is a planocentric reduction gear comprising a ring 
gear provided with a given number of teeth, eccentrically and idly mounted on the 
output shaft of said motor and connected to the output shaft of said reduction gear, 
said gear wheel meshing with the internal teeth of a stationary ring gear, the number 
of said internal teeth being greater than said given number, preferably by one tooth. 

Additional features of the invention will become evident from the following 
description of non-limiting embodiments thereof illustrated with reference to the at- 
tached drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1, already discussed, is a side cross-section view of a known control device 
for roller shutter members fitted inside a tube for winding and supporting the roller 
shutter member; 

Fig. 2 is an enlarged side cross-section view of the control device shown in Fig. 

i; 

Fig. 3 is a view similar to the one of Fig. 2, illustrating a control device according 
to this invention; 

Fig. 4 is a block diagram which illustrates a power supply and management 
system for the electric motor incorporated in the control device according to the 
invention; 

Fig. 5 is a diagram of the electric circuit of a single- phase asynchronous motor 
used in the known control devices; 

Fig. 6 is a diagram of the electric circuit of a three- phase asynchronous motor 
used in the control device of the present invention; 

Figs. 7A and 7B are two enlarged views, respectively in cross and side sections, 
of the reduction gear unit equipping the control device of Fig. 3; and 

Fig. 8 is an enlarged cross-section side view of the brake unit of the control 
device shown in Fig. 3. 

DESCRIPTION OF THE PREFERRED EMBODIMENT 

An embodiment of the control device according to the invention, schematically 
illustrated in Fig. 3, substantially comprises a tube 1, an electric motor 2 housed 
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within the tube 1, a drive shaft the end 3a of which moves a reduction gear unit 4, 
a brake unit 5 mounted on said shaft 3, a detector of the angular position of shaft 
3, for example an optical or magnetic encoder, and a power supply and management 
electronic unit 7 for feeding and controlling the motor 2. 

According to the invention, the motor 2 is a multi-pole (i.e. comprises more 
than two poles) motor and is preferably a four-pole motor in order to obtain a rotation 
speed of the motor shaft 3 at least equal to half of the speed of the conventional motors 
used for these applications. Moreover, in accordance with a preferred embodiment of 
the invention, the motor 2 is a three-phase asynchronous motor. 

In accordance with a further embodiment, not illustrated in the drawings, the 
motor can be an asynchronous single phase motor having at least 4-poles. 

By using a motor of the above type it becomes possible to use a single-stage 
reduction gear assembly with a gear ratio of about 1/60-1/80, instead of a multistage 
reduction gear provided for in the previous devices. According to the invention, 
a planocentric reduction gear is advantageously employed, such as for example the 
reduction gear illustrated in detail in Figs. 7A and 7B. 

Such a reduction gear assembly comprises a gear wheel 41 eccentrically and idly 
mounted on the drive end 3a of motor 3, using an interposed ball bearing 42. The 
gear wheel 41 meshes with the inwardly facing teeth of a stationary internal gear 43 
having one tooth more than the number of teeth of the gear wheel 42. When motor 3 
rotates, the rotation center of the gear wheel 41 moves along a circumference having 
its center on the axis of the motor 3 and a radius equal to the eccentricity of said gear 
wheel, whereby the gear wheel 41 gradually rolls over the ring gear 43. In response to 
each complete revolution of the motor 2, the gear wheel 41 accomplishes a rotation of 
one tooth in the opposite direction, rolling on the bearing 42 and thus implementing 
a rotary movement opposite to the rotation of motor 3 with a gear ratio equal to 1/N 
where N is the number of teeth on the gear wheel 41. 

The reduced rotary movement of the gear wheel 41 is then transmitted to 
the output shaft 45 of the reduction gear through the end of this latter facing the 
reduction gear and provided with a plurality of fingers 44 that engage corresponding 
holes formed in the gear wheel 41. 

A planocentric reduction gear of the above illustrated type has a high efficiency 
and allows to maintain a high overall efficiency of the reduction gear-motor assembly. 
Moreover such a gear comprises a reduced number of relatively large components and 
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therefore is less subjected to the drawbacks of wear and tear, unreliability and noise 
of the prior art devices comprising planetary reduction gears. 

The brake unit 5 comprises a brake of the flux deviation type. Such a known 
brake is coaxially positioned to and partially housed within the motor 2, whereby it 
centrally gets through the shaft 3 of the motor. The brake 5 comprises therefore a 
mobile part comprising an iron cylinder 51 to one end of which a disk 52 is secured 
for supporting an annular clutch member 53. In the rest position the cylinder 51 - 
and therefore the clutch member 53 secured thereto - is pushed against a stationary 
contrast surface 54 by the action of a spring 55 seated in a proper seat 56 formed 
inside the rotor of motor 2. From an electrical point of view, such a rotor is further 
modified by carrying out a change in the traditional "squirrel cage" slots to form a 
short circuit ring 56. 

When the motor 2 is not rotated, the spring 55 pushes the clutch member 
53 against the contrast surface 54, thus keeping the motor shaft perfectly locked. 
Conversely, when electric power is supplied to the motor 2, the flux deviator formed 
by the short circuit ring 56 produces an axial magnetic force that attracts the cylinder 
51 against the action of the spring 55, thus allowing the rotation of the motor shaft 
3. 

The electronic power supply and management unit 7 of the motor 2 comprises 
a number of components connected as shown in Fig. 4. A power stage 70 is fed 
by single-phase electric power from the mains network and through a rectifier and 
a three-phase inverter, transforms the incoming AC voltage into a three-phase AC 
voltage system adapted to feed the motor 2. The three-phase inverter is driven by 
a Pulse width modulator (PWM) generator 71 which generates a specific signal or 
waveform for each one of the three phases depending on the information received 
from a microcontroller 72, by varying both the logical state of the voltage (high/low) 
and the voltage phase and the duration of the active (high) phase in respect to the 
inactive (low) phase. 

The electrical waveform produced by the inverter, which is directly proportional 
to the signal emitted by the PWM generator 71 can be adjusted to each one of the 
three phases in a precise manner. This operation is carried out by the microcontroller 
72, which continuously controls and modifies in real time the power output generated 
by the PWM generator 71 on the basis of a suitable algorithm operating on the 
following data: 
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data regarding external reference signals such as the ON/OFF state of the drive 
controls, the feedback signal of the current signal on the motor 2 (line 73 including 
the analogic converter 74), and the feedback of the angular position of the shaft 3 of 
the motor 2 (line 75); 

calculated data such as the rotation speed of the shaft 3; and 

data stored into a non- volatile memory unit (EEPROM) contained in the same 
microcontroller 72, such as the position of the limit switches, the speed and the steady 
state torque, the transient gradients and the like. 

The algorithm controlling the operation of the microcontroller 72 allows to 
optimize the efficiency of the motor 2 by approximating in the best way predetermined 
values of position, speed, torque and current of the motor. The relevant design and 
calculation method are within the capabilities for a skilled of the art and do not fall 
within the scope of the present invention. By using this type of electronic control, 
the motor 2 can reach a very high efficiency, for example up to 90 % of the drawn 
power. 

An alternative embodiment provides a reduction of the processing capacity 
and therefore of the costs of the electronic control. The electronic unit 7 does not 
provide for a power stage, and the motor 2 is directly fed through the single-phase 
electrical mains at 220V, by implementing a second or a third fictitious phase through 
a phase displacement by suitable capacitors. Considering that the maximum input 
power to the motor usually does not exceed 1 kW, the motor efficiency loss of this 
embodiment is within 20 - 30 %, and therefore the overall efficiency of the reduction 
gear-motor assembly can be maintained within the 50-60 % of the drawn power, which 
is acceptably high value when compared with the efficiency of the known devices. 

Moreover, by using a three-phase asynchronous motor for the control device of 
the present invention, a circular rotating magnetic field can be obtained and therefore 
the motor efficiency is further increased and the operation temperature is decreased 
when compared with respect to the case of a single-phase asynchronous motor, in 
which the resulting rotary magnetic field is relatively elliptical due to the dissymmetry 
of the magnetic fields created by its windings. 

As shown in Fig. 5, the motors of the known control devices are single-phase 
asynchronous motors with two windings. In such motors, the rotation in each direc- 
tion occurs by feeding the motor rated voltage between the common conductor 20 
and one of the two conductors 21 and 22. In such a way, a winding is directly fed 
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(disregarding the voltage drop due to the electrical resistance of the electromagnetic 
brake winding E connected in series to the common conductor 20), while the other 
winding is fed through the capacitor 23, and therefore with an out of phase voltage 
with respect to the voltage of the directly fed winding. The modules of the vectors 
representing the rotating magnetic fields generated by the two windings are different 
and therefore, the resulting magnetic field shows a substantially elliptical shape which 
negatively affects the motor performance. 

Conversely, when using a three-phase asynchronous motor as in the control 
device of the present invention, the circuit of which is schematically illustrated in 
Fig. 6, the three phases 31, 32 and 33 are independently fed and are individually 
controlled. This way the (modules of the) rotating magnetic fields produced by each 
motor winding can be maintained perfectly equal and the overall resulting magnetic 
field circular. The achievement of this result is facilitated by the fact that in such a 
case the feeding of the single windings is not affected by the voltage drop caused by 
the winding of the electromagnetic brake. 

A further advantage of the invention due to the presence of the microcontroller 
device 72 occurs in the management of the thermal protection switch. In the known 
control devices, said switch 24 is connected in series with the conductor 20 whereby 
the operation of the control device is immediately and irremediably interrupted in 
case of motor overheating. On the contrary, in the control device according to the 
invention, the thermal protection switch 34 although physically in contact with the 
windings of the motor 2, is not electrically connected thereto. 

Thus the overtemperature information is not used to stop the motor 2, but 
rather it is forwarded to the controller 72 which can operate in several different 
manners. For example, controller 72 will: 

a) reduce the speed and/or the torque applied, 

b) emit an alarm signal. 

This allows the device using the motor to continue operating in case of over- 
heating, although at a reduced power level, or degree. 

In accordance with the invention the motor 2 preferably provides for a mini- 
mum number of four poles. As a matter of fact, a 4-pole motor allows a rotating speed 
lower than the speed of the traditional motors without requiring excessive structural 
complications of the motor and therefore high increase in costs. According to the 
present invention, three-phase motors having more than four poles can be advanta- 
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geously employed. 

Multiphase motors having a plurality of poles is described in Electric Systems 
Theory; An introduction by Olle I. Elgerd, Library of congress Card number 79- 
114445, 1971, incorporated herein by reference in its entirety. 

From the preceding description, it is evident that the invention fully achieves 
the pre-established objects by providing a control device for roller shutter winding 
tubes that exhibits a high efficiency, is relatively noiseless and reliable. 

When using a four-pole three-phase asynchronous electric motor, it is possible 
to obtain the following advantages: 

a) the maximum speed of the rotating parts is half of the maximum speed of 
the traditional devices, with a corresponding reduction of friction, wear and noise 
level, and 

b) the overall efficiency of the motor increases remarkably, while the overheating 
problems of the motor are reduced and the duration of continuous operation can be 
prolonged whereby, all other performances being the same, a more economical motor 
and a single-stage reduction gear with a simpler construction can be used in order to 
achieve a better reliability, a higher overall power efficiency and a drastic reduction 
of noise level and vibrations. 

The improved overall efficiency of the three-phase motor, which even in the 
above disclosed very simple embodiment reaches the 50-60 % of the drawn power (to 
be compared with the 10 - 15% of the known single-phase motors) allows a substantial 
power saving and reduced sizes of the control device, and operating life times up to 
6-7 times longer than the ones of the control devices currently on the market. 

All documents and references cited herein, including, but not limited to patents, 
texts and/or articles, are incorporated by reference in their entirety. 

Although presented in exemplary fashion employing specific embodiments, the 
disclosed structures are not intended to be so limited. Those skilled in the art will also 
appreciate that numerous changes and modifications could be made to the embodi- 
ment described herein without departing in any way from the invention. For example, 
the number of phases and/or poles associated with the motor drive can be increased 
to further reduce the RPM of the motor, thus minimizing the complexity and cost of 
the gear drive. While the controller for the motor has pulse width modulated output, 
amplitude modulation of the output can also be used to advantage in this invention. 
The controller, having a microprocessor, memory and input/output capability can 
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perform other functions, such as self test of the motor/drive unit, and is not limited 
to the examples given. These changes and modifications and all obvious variations 
of the disclosed embodiment are intended to be embraced by the claims to the limits 
set by law. 
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